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Abstract  
This paper deals with the emissions of an YTR3105 direct injection diesel engine fuelled with pistacia chinensis 
bunge seed biodiesel-diesel blends. The results of the study show that CO, HC and exhaust smoke emissions decrease 
with the increase of the proportions of biodiesel in the blends. The NOx emissions are reduced as the engine 
operating with B10 and B20, but slightly increased with B30. 
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1. Introduction 
Alternative energy sources have been being developed energetically all over the world due to 
increasingly scarcity and increasing price of petroleum sources. Renewable energy sources displacing the 
fossil energy sources is a necessary approach realizing sustainable development of energy sources. 
Biodiesel is a kind of clean and renewable energy source. Its major component is fatty acid ester, which is 
produced from oil plants, animal grease and waste cooking oil through a chemical reaction termed 
transesterification. It has the characteristics of nontoxicity, biodegradability and low sulfur content. So it 
is a kind of green energy source and is widely used in Europe and America [1]. 
At present, many studies [2-12] have been carried out on diesel engine fuelled with biodiesel derived 
from different raw materials. Here are several examples for this. Agarwal et al [2] studied the 
performance and emissions of Karanja oil and its blends in a single cylinder agricultural diesel engine. 
The results showed that significant improvements were observed in the performance parameters of the 
engine as well as exhaust emissions, when lower blends of Karanja oil were used with preheating and also 
without preheating. The gaseous emission of oxide of nitrogen from all blends with and without 
preheating are lower than mineral diesel at all engine loads. Saravanan et al [4] investigated the emissions 
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of a DI diesel engine fuelled with Madhuca Indica ester and diesel blend. They found that emissions of 
carbon monoxide, hydrocarbon were lesser for Mahua ester compared to diesel by 26% and 20% 
respectively, and oxides of nitrogen were lesser by 4% for the ester compared to diesel. Different raw 
materials produce different components of biodiesel, leading to different physical and chemical properties, 
which effect the performance，combustion and pollutant emissions of diesel engine. Until now, it has not 
been reported that the experimental research of engine operating on the pistacia chinensis bunge seed 
biodiesel has been carried out. The aim of this paper is to study the effects of combustion and emissions 
characteristics of engine fueled with this kind of biodiesel. 
The experiment is achieved on the YTR3105 diesel engine fuelled with different proportions of 
pistacia chinensis bunge seed biodiesel and diesel blends. Adjustment is not done to the original engine 
during the experiment. The fuel economy, combustion and emissions characteristics of the engine fuelled 
with diesel and the biodiesel-diesel blends are analyzed in order to supply theoretical basis for the 
optimization of the engine and the blends. 
2. Engine and methods 
2.1Engine 
The main technical parameters of the engine tested are shown in Table 1. 
Table 1 Specifications of YTR3105 diesel engine 
Type 
Three-cylinder, water cooling, 
four stroke, naturally aspirated
Bore×stroke(mm) 105×120 
Displacement(L) 3.117 
Connecting-rod length(mm) 192 
Geometry of combustion chamber ω 
Compression ratio 17 : 1 
Maximum torque/speed 192N·m / 1500rpm 
Rated power/speed 40.5kW / 2400rpm 
2.2Methods 
MEXA-7100D made from HORIBA company is used to measure the emissions. 
The fatty acids of pistacia chinensis bunge seed grease mainly consist of palmitic, oleic and linoleic 
acid, and the contents of these acids are 45.45%、28.91% and 21.37% [7]. Therefore, the major 
components of the pistacia chinensis bunge seed biodiesel are the fatty acid methyl or ethyl esters of the 
above three acids. 
In this study, four different fractions of diesel-biodiesel blends in volume were prepared. They are as 
follows: the pure diesel fuel named B0, the blend with a 10% volume fraction of biodiesel named B6, the 
blend with a 20% volume fraction of biodiesel named B20, and the blend with a 30% volume fraction of 
biodiesel named B30. The 0# diesel used in this experiment is bought from the market. The major 
physical and chemical properties of the fuels tested are depicted in Table 2. 
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Table 2 Physical and chemical properties of fuels tested 
 B0 B10 B20 B30 
Volume content of biodiesel/% 0 10 20 30 
Cetane number 53.65 55.29 56.92 58.54 
Low heat value/MJ·kg-1 45.39 44.63 43.88 43.12 
density（25℃）/kg·m-3 846 848 851 853 
Oxygen content/% — 1.16 2.41 3.60 
The static fuel delivery timing is maintained at 170CA BTDC during the experiment. The operating 
conditions are 25%、50%、75%、90% and 100% full load at two different speeds of 1500rpm and 2400rpm. 
The performances, combustion and emissions characteristics of the engine fuelled with B0, B10, B20 and 
B30 are tested. 
3. Results and analysis 
3.1HC emissions 
Figure 1 shows the relationship between HC emissions and engine load for different proportions of 
biodiesel in the blends at two engine speeds. First, there is almost the same trend for both biodiesel-diesel 
blends and diesel fuel when operating at different loads. At light load, a small amount of fuel injected per 
cycle, low cylinder temperature and pressure in the combustion chamber, and local quench due to 
over-lean fuel-air mixture result in high HC emissions. As the load increases, increasing injection 
pressure and higher cylinder temperature improve spray and atomization of the fuel, which is of benefit to 
perfect combustion, HC emissions decrease. However, at high load, greater amount of fuel injected per 
cycle leads to over-rich mixture in the local region, causing significant HC emissions. Second, HC 
emissions of biodiesel-diesel blends are lower than that of diesel and decrease with increasing the 
proportions of biodiesel in the blends, especially at high load, the decreasing magnitude becomes larger. 
This is because the addition of biodiesel to diesel reduces the contents of aromatic hydrocarbon and sulfur 
in the blends and oxygen is one of the components of biodiesel. Generally, the smaller the content of 
aromatic hydrocarbon, the shorter the ignition delay, and the smaller the amount of HC emissions [10]. 
The main components of biodiesel are fatty acid methyl ester which has the molecular structure of 
straight chain. This benefits the complete combustion and HC reduction. The existence of oxygen in 
biodiesel may reduce the region of over-rich mixture in the cylinder, which increases the combustion 
efficiency. Therefore, the increasing HC emissions due to lack of oxygen in the local region are reduced. 
This also is one of the reasons of decreasing the exhaust smoke. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Comparison of HC emissions 
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3.2CO emission 
CO emission for biodiesel-diesel blends of different proportions versus engine load at two operating 
speeds is shown in Figure 2. It can be seen that CO emission has the same trend for both biodiesel-diesel 
blends and diesel, that is, at medium and light loads, CO emission is very small because of small amount 
of fuel injection per cycle and the higher excessive air coefficient. The formation of CO is influenced by 
the combustion temperature and the content of oxygen [11]. However, when the load further increases, 
CO emission increases sharply due to lack of oxygen in local region and lower excessive air coefficient. 
CO emission of biodiesel-diesel blends is almost the same as that of diesel at medium and light loads. 
However, at high load, the former is less than the latter. At medium and high loads, oxygen content inside 
the combustion chamber becomes the main factor forming CO. Because biodiesel itself contains a certain 
amount of oxygen, more oxygen can participate in the chemical reactions in biodiesel-diesel blends-air 
mixture than the diesel-air one, making the combustion more completely. Therefore, CO emission for 
biodiesel-diesel blends decreases. However, at light load, the existence of oxygen in the fuel may not 
reduce CO emission apparently due to low cylinder temperature. 
 
 
 
 
 
 
 
 
 
 
Figure 2 Comparison of CO emissions 
3.3NOx emissions 
Figure 3 shows the relationships between the NOx emissions and the engine load when operating with 
different proportions of biodiesel-diesel blends at two speeds. The figure reveals low NOx emissions at 
light load regardless of fueling any type of fuel due to low cylinder temperature. However, when the load 
increases, NOx emissions gradually increase. This is because the amount of fuel injection each cycle 
increases with increasing the load, which results in higher maximum cylinder temperature. When the load 
increases further, NOx emissions change very slightly because of over rich mixture. The figure also 
shows that NOx emissions of B10 and B20 is less than that of diesel, and the amount of NOx emissions 
for B30 is almost the same as for diesel. Probably this phenomenon has close relation to the physical and 
chemical properties of biodiesel. a) higher cetane number and smaller aromatic hydrocarbon of biodiesel 
lead to shorter ignition delay and decreased maximum heat release rate which results in lower cylinder 
temperature, and this reduces the formation of NOx; b) a certain amount of oxygen in the biodiesel may 
enhance the formation of NOx; c) the main component of the biodiesel is fatty acid methyl ester, and the 
molecules of methyl oleate and methyl linoleate in the ester have the structure of double bond, which 
leads to the torsion of molecule of fatty acid methyl ester. Thus the strong active free radical produced in 
the combustion process can cause the formation of NOx [12]. Small proportions of biodiesel in the 
biodiesel-diesel blends (10%-20%) may reduce the maximum heat release rates of premixed combustion 
and cylinder temperature, which can reduce NOx emissions. However, if the proportions further increase, 
the increase of oxygen contents and the amount of double bond in the blends can cause the formation of 
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more NOx. 
 
 
 
 
 
 
 
 
 
 
Figure 3 Comparison of NOx emissions 
3.4Exhaust smoke 
The exhaust smoke of the engine can be presented in Figure 4. It shows that exhaust smoke increases 
with increasing load for both biodiesel-diesel blends and diesel fuel. It can be explained that for constant 
speed, the amount of air entering the cylinder per cycle is the almost same, and the load changes can be 
accomplished through the adjustment of the amount of fuel injection per cycle. The amount of fuel 
injection per cycle increases as the load increasing, which results in lower excessive air coefficient, so 
exhaust smoke increases greatly due to local high temperature and poor oxygen. It also shows that 
exhaust smoke decreases with increasing the amount of biodiesel fuel in the blends because of the 
existence of oxygen in the biodiesel fuel. The engine exhaust smoke also partly depends on the contents 
of fuel. It is commonly considered [13][14] that smoke or soot is formed due to pyrolysis of higher 
molecule hydrocarbon (especially aromatic hydrocarbon) under the condition of over-rich mixture in the 
combustion chamber. Diesel fuel has more aromatic hydrocarbon content than biodiesel fuel, and carbon 
chain of biodiesel fuel is the structure of straight chain. So the exhaust smoke of biodiesel fuel is less than 
diesel fuel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Comparison of NOx emissions 
4. Conclusions 
HC emissions and exhaust smoke of the engine fuelled with biodiesel-diesel blends are lower than that 
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of diesel, and decrease as the mixing proportion of biodiesel in the blends increases. At high load the 
reducing magnitude of HC emissions are greater. CO emission of biodiesel-diesel blends is similar to that 
of diesel at lighter and medium loads; however, at high load the former is more than the latter. NOx 
emissions increase with the engine load increasing. Over the load range NOx emissions of B10 and B20 
are slightly lower than that of diesel, and B30 is almost equivalent to diesel. Exhaust smoke decreases 
with the increasing the proportions of biodiesel fuel in the blends. 
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